Please take a moment to share how this work helps you through this survey. Your feedback will be important as we plan further development of our repository. Invasive species are frequently regarded as superlative competitors that can vegetatively crowd out natives, but little is known about whether invasives can compete for pollination services with native plants. We hypothesized that, when the showy invasive species Lythrum salicaria (purple loosestrife) was present, pollinator visitation and seed set would be reduced in a native congener, L. alatum (winged loosestrife). To test this hypothesis, we constructed mixed and monospecific plots of the two species. Over two years of study, we found that L. salicaria significantly reduced both pollinator visitation and seed set in L. alatum. Furthermore, pollinators moved frequently between the two plant species, which may cause heterospecific pollen transfer. Thus, reductions in both pollen quantity and pollen quality may reduce L. alatum seed set. If similar patterns occur in the field, invasive plants may be an even greater threat to natives than previously thought.
INTRODUCTION
Invasive alien species are frequently considered superlative competitors that can impact native species in many ways including competition for nutrients (Wardle et al. 1994 ), water (Delph 1986 We examined the impact of the invasive plant Lythrum salicaria L. (purple loosestrife) on seed set in the native congener L. alatum Pursh (winged loosestrife). These species serve as an excellent system for study given that they have overlapping ranges throughout the northern United States, have similar floral structure, have a prolonged period of overlapping blooming times, and share pollinators. We hypothesized that the native L. alatum would receive fewer visits and produce fewer seeds in the presence of L. salicaria for two reasons. First, L. salicaria is likely to be more attractive to pollinators (reducing quantity of pollination service to L. alatum). Second, our previous work in this system Plots ranged from a minimum of 1.0 X 0.5 m to 1.6 X 1.15 m and were located 3.2-3.5 m from the nearest adjacent plot. Blocks were run simultaneously throughout the summer, and were located 3.2-3.5 m from the nearest block. We maintained these treatments until more than one plant of either species in a plot ceased to bloom and then discontinued observations of that plot. Within a species, all plants tended to cease blooming within a week of each other, with L. alatum persisting about one week longer than L. salicaria. By midsummer, L. alatum plants which started as single stems had 12-15 stems and were quite bushy. Plant height ranged from 0.72 to 0.84 m for L. alatum and from 1.2 to 1.3 m for L. salicaria. There was no effect of treatment on these characters (data not shown).
In 1998, we modified the procedure outlined above. Plants for the second field season were randomly selected from plants that overwintered outside (i.e., second-year plants). We also trimmed individual L. alatum plants to one stem to more closely mimic natural growth under field conditions. Lythrum salicaria plants were not trimmed since their growth in the previous year was similar to field conditions. By midsummer L. alatum plants had 8-10 stems and were less bushy than the previous year. Plant height ranged from 0.86 to 0.96 m for L. alatum and from 1.3 to 1.4 m for L. salicaria. There was no effect of treatment on plant size (data not shown).
Seed set
When fruits matured (late September and early October), we determined seed set in 15 fruits per L. alatum plant (5 representative spikes x 3 fruits per spike from low, middle, and high positions on the spike). We used a dissecting scope at 6x to determine seed set per fruit. Because flowers that do not produce fruit tend to abscise without leaving a mark on the stem, we were unable to determine proportion fruit set.
Insect visitation
We observed insect visitation duringthree four-day periods across the flowering season (July-August) in both 1997 and 1998. Each block was observed for one day during each period, with each of the five plots within the block observed for 15 min for three to five periods during the day. Blocks were observed on separate days, but within one week of each other. We followed individual visitors and recorded the type of visitor, the plant species visited, and number of flowers visited. In 1997, we counted the number of flowers open on each plant in the morning and because we were unable to observe visitation to all of the flowers on these bushy plants, before each observation period we estimated the percentage of the total plant that we were able to observe. From the total floral display and the proportion of flowers that were visible we calculated the number of flowers observed. In 1998, we determined the number of flowers observed (floral display) just before each observation period. In both years we counted all sequential flower visits by a single pollinator within the observed portion of a plot as one bout. We randomized the order of observation for blocks and plots within blocks. This resulted in a total of -120 h of observations conducted on 24 d in 1997 and 1998.
Statistical methods
Except where noted, we used SAS procedure GLM with Type III sums of squares (SAS Institute 1996) for all analyses. We tested the assumption of normality by visually inspecting distributions of residuals. The AN-OVA for mean seed number per fruit per plant for L. alatum included effects of treatment, block, morph (long-vs. short-styled morphs) and their pairwise and three-way interactions. Because we applied treatments to entire plots, we used plot means for each morph as the fundamental experimental unit in analysis (therefore, the 256 L. alatum plants contributed 4 blocks X 5 treatments X 2 morphs = 40 observations). To determine if the monospecific treatments differed from the competitive treatments we used a priori multiple contrasts (contrast statement in SAS), comparing the performance of the three monospecific treatments with that of the two mixed treatments.
To test for effects on visitation rate, we used fixed effects ANOVA, which included treatment, season, morph, and block, and all interactions as independent factors. Season is defined here as the three four-day periods of observation per year during the six-week period when both species were flowering. We considered both season and block as fixed factors because we could not ensure random samples of all possible levels of these factors (see Newman et al. 1997 ). Response variables in this analysis were visits per plant and visits per open flower. For both response variables we used mean visit rate per 15-min period for each morph in each plot in each season (therefore, in each year we used 3 seasons X 5 treatments X 4 blocks X 2 morphs = 120 observations in analysis). We did not compare years due to differences in methods of observation.
We tested interspecific movement of pollinators for goodness of fit with the G test using seasons as a replicated measure (Sokal and Rohlf 1981) . Plant ratios were used as predictors of expected frequencies of movement. 
RESULTS

Floral display
Seed set
Seed set for L. alatum decreased by -22% in 1997 and 34% in 1998 in the presence of the invasive L. salicaria (Fig. 2) . In 1997, only treatment and block effects were significant (Table 1) , and a priori contrasts clearly showed a significant difference between monospecific and competitive treatments (F,12 = 32.16, P = 0.0001). In 1998, treatment and morph effects were significant, but block effects were not (Table 1) . Seed number per fruit was significantly higher in the shortstyled morph (77.6 ? 1.9, N = 20 plot means for each morph) than in the long-styled morph (63.6 ? 1.9, N = 20). A priori contrasts again indicated that seed set in monospecific treatments was significantly higher than in mixed treatments (F1.12 = 63.42, P = 0.0001). Seed set for L. alatum was lower in 1997 than in 1998 (Fig. 2) , perhaps reflecting changes in plant culture conditions. There was no effect of nonspecific abundance on seed set for L. alatum in either year (ANOVA of only the three monospecific treatments; 1997, F26 = 0.07, P > 0.9; 1998. F26 = 0.4, P > 0.6). For the mixed treatments, although seed set declined slightly as L. salicaria abundance increased, this was not statistically significant (ANOVA of only the two mixed treatments: 1997, F2,3 = 2.23, P > 0.2; 1998, F23 = 0.4, P > 0.5).
Visitation
Honeybees (Apis mellifera) and bumble bees (Bombus sp.) together accounted for more than half of all Pollinator visitation to L. alatum was often reduced in the presence of L. salicaria. In 1997, the number of visits per plant per 15-min period was significantly affected by all main effects and interactions except treatment X morph and treatment X season X morph (Fig. 3, Table 2 ). Although many interactions were significant, the ranking of the different treatments was generally consistent across seasons, blocks, and morphs. Despite a significant overall treatment effect in this year, a priori contrasts indicated no significant difference between competitive and monospecific treatments (F1 117 = 3.32, P = 0.11). However, the number of visits per plant per 15-min period did decrease with increased abundance of conspecifics (ANOVA of treatments A, B, C; F212 = 7.2, P < 0.01; Fig. 3 ). Visits per flower followed a similar pattern except that the treatment X block X season interaction was not significant (Fig. 3, Table 3 ). However, in this case, a priori contrasts clearly show that competitive treatments experience a significant reduction in per flower visitation rate compared to monospecific treatments (F. 
Pollinator movement
Pollinators moved frequently between the two species in mixed plots (Table 4) 
Seed set and pollinator visitation
In both years of our study, L. alatum seed set was significantly reduced in the presence of L. salicaria (Fig. 2) Reduced seed set in competitive plots probably resulted in part from a significantly lower quantity of visits to L. alatum in the presence of L. salicaria (Fig.  3) ; visitation was reduced by 14-54% compared to control plots. Such strong reductions in visitation in response to competition are rarely documented (see Waser 1983 ). In our system the greater nectar and pollen rewards and larger floral display of L. salicaria probably explain why pollinators prefer this attractive invader. Many invasive plant species around the globe have showy flowers and are pollinated by animal visitors (B. J. Brown, unpublished data). Such attractive species may have negative effects on pollination of neighboring plants similar to those we document here between two species of Lythrum. This insidious threat to the native flora has rarely been considered, but should be taken into account when an alien species threatens the continued existence of a native.
